Stimulation of sphingomyelin biosynthesis by brefeldin A and sphingomyelin breakdown by okadaic acid treatment of rat hepatocytes.
Studies on sphingomyelin metabolism in rat hepatocytes were facilitated by the use of choline-deficient cells which allowed for the rapid labeling of phosphatidylcholine and as a result sphingomyelin. Pulse and pulse-chase studies with [methyl-3H]choline and [methyl-3H]methionine demonstrated that both compounds were effectively used for sphingomyelin biosynthesis and that newly made and pre-existing phosphatidylcholine could be used for sphingomyelin biosynthesis. When hepatocytes were incubated with brefeldin A, there was a 2.4-fold stimulation of the conversion of phosphatidylcholine into sphingomyelin. Since brefeldin A causes collapse of the cis/medial Golgi into the endoplasmic reticulum the stimulation of sphingomyelin biosynthesis could be due to more rapid access of the labeled phosphatidylcholine in the endoplasmic reticulum to sphingomyelin synthase in the collapsed Golgi. Forskolin inhibited the brefeldin A-induced stimulation of sphingomyelin biosynthesis. To investigate whether or not phosphorylation reactions regulate sphingomyelin metabolism, hepatocytes were incubated with okadaic acid, a potent inhibitor of protein phosphatases 1 and 2A. Rather than stimulating sphingomyelin biosynthesis, okadaic acid enhanced the catabolism of sphingomyelin. In contrast, a cyclic AMP analogue and forskolin had no effect on sphingomyelin biosynthesis or catabolism. Surprisingly, other pulse-chase studies demonstrated that okadaic acid stimulated the catabolism of only newly made sphingomyelin. The brefeldin A and okadaic acid effects were independent of lysosomal involvement. Subcellular fractionation studies revealed that brefeldin A and okadaic acid effects were generalized in all sphingomyelin containing membranes. The brefeldin A studies suggest that the rate of transfer of phosphatidylcholine from the endoplasmic reticulum to the Golgi might be limiting for sphingomyelin biosynthesis. The okadaic acid studies indicate that the catabolism of sphingomyelin by a sphingomyelinase is regulated by an unidentified protein kinase and by either protein phosphatase 1 and/or 2A activity in hepatocytes.